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ARTICLE INFO ABSTRACT

Keywords: Background: Recently, a new coronavirus spreads rapidly throughout the countries and resulted in a worldwide
Interferon Beta-la epidemic. Interferons have direct antiviral and immunomodulatory effects. Antiviral effects may include in-
COVID-19 hibition of viral replication, protein synthesis, virus maturation, or virus release from infected cells. Previous
Coronavirus

studies have shown that some coronaviruses are susceptible to interferons. The aim of this study was to evaluate
the therapeutic effects of IFN-B-1a administration in COVID-19.
Methods: In this prospective non-controlled trial, 20 patients included. They received IFN-3-1a at a dose of 44 g
subcutaneously every other day up to 10 days. All patients received conventional therapy including
Hydroxychloroquine, and lopinavir/ritonavir. Demographic data, clinical symptoms, virological clearance, and
imaging findings recorded during the study.
Results: The mean age of the patients was 58.55 + 13.43 years. Fever resolved in all patients during first seven days.
Although other symptoms decreased gradually. Virological clearance results showed a significant decrease within
10 days. Imaging studies showed significant recovery after 14-day period in all patients. The mean time of hospita-
lization was 16.8 + 3.4 days. There were no deaths or significant adverse drug reactions in the 14-day period.
Conclusions: Our findings support the use of IFN-f-1a in combination with hydroxychloroquine and lopinavir/
ritonavir in the management of COVID-19.

Clinical trial registration number: IRCT20151227025726N12.

Pulmonary infection

1. Introduction Several agents such as hydroxychloroquine, antiviral agents, corticoster-

oids, and immunomodulatory agents are being investigated for COVID-19

In late 2019, a new coronavirus that causes severe respiratory infec-
tions was identified. The virus spreads rapidly throughout the countries
and resulted in a worldwide epidemic. This infection leads to multi organ
failure, including acute respiratory distress syndrome (ARDS), acute car-
diac injury, and shock. As of May 26, 2020, about 5,581,003 cases of
COVID-19 were clinically confirmed and 347,516 deaths were reported
[1]. In the absence of specific treatment for COVID-19, there is an im-
mediate need to find alternative treatments to manage this pandemic.

management [2,3]. Pathophysiological studies have demonstrated the role
of inflammatory mediators in COVID-19 pneumonia. It appears that im-
balances between inflammatory and anti-inflammatory cytokines are the
probable underlying mechanism [4,5]. Hence, it is sensible to consider
immunomodulatory agents for COVID-19 treatment. Among im-
munomodulatory agents, interferons (IFNs), which are proteins produced
by certain cells in response to stimuli such as foreign cells (including tumor
cells), bacteria, and viral antigens, play a dominant role [6]. They interact
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both with the IFN-producing cells and other cells through production of
effector proteins [7]. There are three main types of IFNs, types I (alpha &
beta), II (gamma), and III (lambda), which have direct antiviral and im-
munomodulatory effects [8]. Antiviral effects may include inhibition of
viral replication, protein synthesis, virus maturation, or virus release from
infected cells. Immunomodulatory effects may include the enhancement of
macrophage, cytotoxic T cell, and natural killer cell activity [9,10]. In
addition, previous studies have shown that some coronaviruses, including
avian infectious bronchitis virus, murine hepatitis virus, human cor-
onavirus 229E, and SARS-CoV, are susceptible to type I IFN (IFN-3-1a) in
vitro or in vivo [11]. IFN-a also showed immunomodulatory effects in
response to virus infections however it is not easily available in the
pharmaceutical market of our country. Therefore, we aimed to evaluate
the therapeutic effects of IFN-B-1a administration in COVID-19.

2. Materials and methods
2.1. Setting

This study was a prospective non-controlled trial performed at Dr.
Masih Daneshvari Hospital, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, in March 2020. This hospital is the main referral
center for COVID-19 in Iran.

2.2. Patients

Patients were eligible for study inclusion if they were aged
=18 years and had laboratory (reverse transcription polymerase chain
reaction)-confirmed COVID-19 infection in the throat swab, onset of
symptoms for < 7 days, and severe disease. Severe disease was defined
as a respiratory rate of =30 breaths/min or an oxygen saturation of
<90% or a partial pressure of arterial oxygen to percentage of inspired
oxygen ratio (PaO,/FiO,) of <300 mmHg.

Participants were excluded if they were pregnant or breast-feeding,
allergic to IFN, had other evidence that could explain the cause for
pneumonia such as influenza A virus infection, influenza B virus infection,
bacterial pneumonia, or fungal pneumonia or noninfectious causes.

2.3. Informed consent

Patients, or their legally authorized representative, provided written
informed consent for study participation. Our study was performed in
accordance with the Declaration of Helsinki and was approved by the
ethics committee of Shahid Beheshti University of Medical Sciences
(IR.SBMU.NRITLD.REC.1398.102). This trial registered in Iranian
Registry of Clinical Trials with number IRCT20151227025726N12.

2.4. Interventions

In total, 20 eligible patients with confirmed COVID-19 were as-
signed to receive IFN-f-1a (ReciGen®, CinnaGen, Iran) subcutaneously.
Simultaneously, the patients received conventional antiviral regimen of
hydroxychloroquine (200 mg P.O. BID) and lopinavir/ritonavir (200/
50 mg P.O.; two tablets QID) for 5 days. Oxygenation with nasal can-
nula, high-flow therapy, noninvasive strategies, or mechanical venti-
lation was considered for all patients.

Subcutaneous administration of IFN-B-la at a dose of 44 pug
(equivalent to 12 million international units) was initiated on day 1 of
hospitalization and continued every other day until day 10. Injections
were administered in the peri-umbilical area of the abdomen, and in-
jection sites were changed for each administration.

2.5. Outcomes

Demographic data, including age, gender, past medical history, and
type of exposure, were recorded for all patients at baseline.
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Primary outcome was the symptoms remission. Fever, cough, dys-
pnea, myalgia, malaise, rhinorrhea, arthralgia, chest pain, headache,
vomiting, diarrhea, and sore throat were evaluated every day for
14 days. Laboratory results measured at baseline and at days 7 and 14.

As Secondary Outcomes, lung images were assessed during the
14 days of hospitalization. Chest X-ray and computed tomography (CT)
imaging comparison was performed between baseline and day 14.
Mortality rate, intensive care unit stay, hospital stay, and occurrence of
any adverse drug reaction were also recorded. Virological clearance
during the study period at admission time, day 5, and day 10 were
recorded by the cycle threshold (Ct) value. Ct value =37 was con-
sidered as negative [12].

2.6. Statistical analysis
The results were summarized and analyzed using the SPSS v.24.0
software (IBM Corp., Armonk, NY, USA). A P value of < 0.05 was

considered as the significance level. Repeat-measure ANOVA was used
to examine the differences between measurements.

3. Results

In this non-controlled trial, of the 64 eligible patients, 20 were

Assessed for eligibility (n=64)

Patients excluded (n=44):
Patients were in mild stage (n=26)
“"| Did not sign the inforemd consent form (n=10)
Chronic kidney diseases (n=8)

Included in the study (n=20)

| Completed the study (n=20) |

| Data analysis (n=20) |

Fig. 1. The CONSORT diagram of the study.

Table 1

Demographic information of patients.
Age
Age, years 58.55 *= 13.43
18-29 0 (0%)
30-39 1 (5%)
40-49 4 (20%)
50-59 6 (30%)
60-69 6 (30%)
70-79 1 (5%)
80-89 2 (10%)
Sex
Male 16 (80%)
Female 4 (20%)
Past Medical History
Hypertension 4 (20%)
Chronic Pulmonary Diseases 3 (15%)
Chronic Cardiac Diseases 2 (10%)
Diabetes 2 (10%)
Benning prostatic hypertrophy 1 (5%)
Smoking 1 (5%)
Cerebrovascular Diseases 0 (0%)
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Table 2
Symptoms of patients during the study.
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
Symptoms
Fever 15 (75%) 17 (85%) 19 (95%) 19 (95%) 16 (80%) 12 (60%) 4 (20%) 0(0%) 0(0%) 0(0%)  0(0%)  0(0%)  0(0%) O (0%)
Cough 16 (80%) 16 (80%) 16 (80%) 15 (75%) 15 (75%) 16 (80%) 15 (75%) 15 (75%) 13 (65%) 10 (50%) 10 (50%) 10 (50%) 10 (50%) 9 (45%)
Dyspnea 17 (85%) 17 (85%) 17 (85%) 16 (80%) 16 (80%) 15 (75%) 10 (50%) 7 (35%) 7 (35%) 4 (20%) 4 (20%) 4 (20%) 4 (20%) 2 (10%)
Myalgia 9(45%)  9(45%) 10 (50%) 8 (40%) 8 (40%) 8 (40%) 8 (40%) 7 (35%) 7 (35%) 7 (35%) 6(30%) 6(30%) 5(25%) 5 (25%)
Malaise 20 (100%) 18 (90%) 16 (80%) 16 (80%) 18 (90%) 17 (85%) 16 (80%) 17 (85%) 17 (85%) 15 (75%) 14 (70%) 11 (55%) 10 (50%) 10 (50%)
Rhinorrhea 9 (45%) 9 (45%) 9 (45%) 8 (40%) 7 (35%) 5(25%) 5(25%) 1(5%) 1% 1(G%) 16G% 1(6%)  00% 0 (0%)
Arthralgia 6 (30%) 5(25%) 1(%) 1% 16% 16% 16% 00% 00% 0(0% 0(0%  0(0%  0(0%  0(0%)
Chest Pain 3 (15%) 3 (15%) 3(15%) 3(15%) 3(15%) 4(20%) 1(5%) 0(0%) 0(0%)  0(0%)  0(0%) 0(0%)  0(0%) 0 (0%)
Headache 7 (35%)  5(25%) 2(10%) 1(G%) 1(6% 16% 00% 00% 0(0% 0(0%  0(0% 0(0%  0(0%  0(0%)
Vomiting 3 (15%)  2(10%) 3(15%) 1(%) 0(0%) 0(0%) 0(0% 0(0% 0(0% 0(0% 0(0%  0(0%  0(0% 0 (0%)
Diarrhea 1 (5%) 1% 16G% 16G% 16G% 16G% 16G% 00% 00% 00% 00%  00%  00% 0%
Sore Throat 9 (45%) 10 (50%) 11 (55%) 8 (40%) 6 (30%) 6 (30%) 6(30%) 6(30%) 5(25%) 2(10%) 2(10%) 1(5%)  0(0%) 0 (0%)
Table 3
Laboratory results at admission and at days 7 and 14.
Day 1 Day 7 Day 14 P Value
Hemoglobin (g/dL) 14.30 * 1.86 13.69 * 1.07 13.37 * 0.69 0.087
White blood cells (10%/uL) 510 + 1.41 832 + 555 578 + 1.76 0.405
Lymphocytes (Cells/uL) 1126.86 + 311.06 2103.32 * 2644.54 1303.44 + 463.22 0.067
Platelet (Thousands/pL) 165.79 = 50.70 178.00 * 43.84 258.22 * 50.94 0.071
Urea (mg/dL) 32.70 + 11.00 31.62 + 16.98 29.64 + 18.14 0.592
Creatinine (mg/dL) 1.27 = 0.26 1.30 = 0.34 1.22 = 0.35 0.035
AST (Units/L) 41.79 * 22.25 41.22 * 12.85 54.33 * 30.47 0.184
ALT (Units/L) 34.16 + 20.62 33.86 *+ 16.16 51.82 + 31.25 0.321
ALP (Units/L) 166.94 = 38.97 160.40 = 31.47 158.89 * 40.17 0.335
Table 4 other symptoms decreased gradually, cough, dyspnea, myalgia, and
Virological clearance results in all patients during the study. malaise still persisted in the patients. Most patients received high-flow
- - e N -
Patient number/day Day 0 Day 5 Day 10 oxygen with Tlasal.cannula du'rlng hosl'alta'hzatlon. Three (15%) patlgnts
received noninvasive mechanical ventilation for low oxygen saturation.
Patient 1 25.61 34.81 Negative These patients were weaned from the noninvasive mechanical ventila-
}lj at?e“ti 23;5 i’iz Eegatf"e tion after 5-10 days. The mean time of hospitalization was
atient . . egative .
+ .
Patient 4 2915 33.86 Negative 16.§ * .3.4 days (min., 14 days; .max.., 25 days). There Yvere no deaths
Patient 5 30.15 Negative Negative or significant adverse drug reactions in the 14-day period. The symp-
Patient 6 29.84 34.47 Negative toms and oxygenation status are presented in Table 2.
Patient 7 31.03 Negative Negative Laboratory parameters were measured at admission and at days 7
E:E::g ig?‘;’ 33;; I;:ggwe and 14. The mean =+ standard deviation (SD) of white blood count
. . . . 3 .. . .
Patient 10 26.32 29,64 Negative (WBGC; cells x 10°/uL) was 5.10 = 1.41 at admission, which increased
Patient 11 28.02 34.73 Negative to 8.32 + 5.55 on day 7. The mean * SD of lymphocyte count was
Patient 12 24.18 29.11 Negative 1126.86 = 311.06 on day 1; 2103.32 * 2644.54 on day 7; and
Patient 13 27.18 34.05 Negative 1303.44 + 463.22 on day 14. No abnormality was noted in he-
Patient 14 31.12 Negative Negative moglobin, platelet, urea, creatinine, aspartate transaminase, alanine
Patient 15 32.67 34.45 34.86 globin, p ’ » nine, asp g
Patient 16 29.3 25.44 Negative transaminase (ALT), and alkaline phosphatase levels. The laboratory
Patient 17 31.17 Negative Negative results are presented in Table 3.
Patient 18 28.74 26.52 Negative Virological clearance study showed that all patients had positive RT-
Patient 19 SL19 Negative Negative PCR samples on admission time (median Ct value: 28.94). On day 5, 14
Patient 20 28.71 Negative Negative

Negative RT-PCR was defined as Ct value = 37.

included. All the 20 patients completed the study successfully. The
CONSORT diagram of the study is presented in Fig. 1.

The mean age of the patients was 58.55 =+ 13.43 years. The
youngest patient was a 37-year-old man and the oldest patient was
86 years old. The male-to-female ratio in the study was 4:1.
Hypertension was the most comorbidity among patients. Demographic
data of patients are summarized in Table 1.

Time of symptom onset until hospitalization was 6.5 2.8 days
(min., 2 days; max., 12 days). The results revealed that 15 (75%) pa-
tients had fever, 16 (80%) had cough, and 17 (85%) had dyspnea at
admission. Malaise was noted in all patients, but myalgia, rhinorrhea,
arthralgia, chest pain, headache, vomiting, diarrhea, and sore throat
were less frequent. Fever resolved in all patients after 8 days. Although

+

patients (70%) had positive RT-PCR samples (median Ct value: 32.93).
On day 10, all patients had negative RT-PCR samples except two pa-
tients (10%) (Ct values: 34.72 and 34.86). The results of virological
clearance in all patients are summarized in Table 4.

Lung CT and chest X-ray were performed at admission and on day
14. The CT images revealed ground glass opacity in 16 patients and X-
ray images revealed bilateral infiltration in 14 patients. As can be seen
in Fig. 2, recovery occurred after 14 days.

4. Discussion

In this study, we evaluated the therapeutic efficacy and safety of
IFN-B-1a in patients with COVID-19. The results revealed the efficacy of
IFN-B-1a in combination with hydroxychloroquine, and lopinavir/ri-
tonavir in reducing the disease symptoms. This result was supported by
the lung CT and chest X-ray images that showed dramatic response to
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Fig. 2. Lung computed tomography and chest X-ray showing ground glass opacity and bilateral infiltration, respectively, at admission (left pictures). The images on

the right reveal recovery after 14 days of treatment with IFN-B-1a.

this combination treatment. Regarding safety concerns, no significant
adverse drug reactions or mortality was noted in this study.

IFNs mediate several biological effects. They modulate both T- and
B-lymphocyte responses by promoting the proliferation of memory T
cells, stimulating the differentiation of Thl cells, inducing IFN-y se-
cretion from T cells, and promoting isotype switching in B cells and
differentiation into plasma cells [13]. IFN-a and IFN-f upregulate
major histocompatibility complex class I proteins [14]. Moreover, IFNs
activate macrophages, trigger and enhance the cytotoxicity of natural
killer cells, and regulate the maturation and terminal differentiation of
dendritic cells [15]. They have widespread potential as therapeutic
agents for viral infections and are currently the preferred drug for
chronic hepatitis B and C infections [16]. IFNs inhibit viral infection by
preventing viral entry into target cells and by blocking different stages
of the viral replication cycle for different viruses. IFN-a and IFN-f play
a critical role in linking the innate and adaptive immune responses to
viral challenge [17]. To date, there are no published studies regarding
the therapeutic efficacy of IFNs on COVID-19, although some studies
have evaluated their efficacy in treating SARS, MERS, and Ebola.

Hensley et al. reported that IFN-B-1a could be an effective ther-
apeutic agent for SARS-CoV infections. In that study, IFN-B-la de-
monstrated potent antiviral activity and acceptable safety profiles,
suggesting its efficacy in coronavirus treatment [11].

Al-Tawfiq et al. evaluated the effects of ribavirin and IFN combi-
nation in patients with MERS. They administered IFN-a 2b (100 pg)
subcutaneously once a week for two doses. They suggested that riba-
virin and IFN could be effective in some patients, but it is associated
with mortality in critically ill patients. Additionally, they found that
this combination is more beneficial in patients who are not critically ill

[18]. Because our most of our patients were in the non-critical phase of
COVID-19, the results cannot be generalized for all patients.

Ranirti et al. evaluated the therapeutic efficacy of IFN-3-1a in acute
respiratory distress (ARDS). They administered IFN-3-1a through the
intravenous route and found that the drug was ineffective in treating
ARDS. This could be due to the presence of the released cytokines.
Therefore, it can be concluded that IFN-B-la is not an appropriate
therapeutic agent for patients with critical disease and that it is to be
initiated in the early phase of the disease [19].

Blanco-Melo et al. compared the transcriptional response of SARS-
CoV-2 with other respiratory viruses to identify transcriptional sig-
natures that may underlie COVID-19 pathophysiology. They treated
infected cells with universal IFN-{3 and assessed viral levels at the RNA
and protein levels. They found that addition of IFN-I resulted in a
dramatic reduction in virus replication. Finally, they concluded that the
response to SARS-CoV-2 is imbalanced with regard to controlling virus
replication versus activation of the adaptive immune response [20].

Hadjadj et al. performed an immune analysis that included pheno-
typical profiling of immune cells, whole blood transcriptomic, and cy-
tokine quantification on 50 patients with COVID-19. They character-
ized impaired IFN-I response by a low interferon production and
activity, with consequent downregulation of interferon-stimulated
genes in severe and critically ill patients [21].

We had three main limitations in this study including lack of the
control group, confounding effects of concurrent medications, and
small sample size. Also, the ethical challenges push us not to consider
the control group who were deprived of effective treatment. In this
study, all patients received the combination of IFN-B-1la, hydroxy-
chloroquine, and lopinavir/ritonavir according to the national Iranian
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guideline on COVID-19 treatment and we could not administer solely
IFN-B-1a [22]. Hence, the net therapeutic effect of IFN-f-1a along with
all other drugs may not be established exactly. With considering the
mentioned limitations, the results of this study should be interpreted
cautiously and further large trials are needed to show the therapeutic
effects of IFN-B-1a in COVID-19. Also, we suggest future trials to con-
sider the therapeutic effects of other types of IFN including IFN-a in
COVID-19. Our findings support the use of IFN-fB-1a in combination
with hydroxychloroquine and lopinavir/ritonavir in the management of
COVID-19.
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